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ABSTRACT

Objective: To evaluate the polymerase chain reaction (PCR)-reverse-dot-blot (RDB) human
papillomavirus (HPV) genotyping test as a feasible assay for the cervical cancer primary
screening.

Methods: In a hospital-based cohort, a total of 21,568 women were voluntarily enrolled
from March 2009 to November 2016 for evaluating the 3 current cervical cancer screening
strategies: co-test, cytology primary and high-risk HPV (HR-HPV) primary by using PCR-
RDB HPV genotyping and liquid-based cytology (thinprep cytologic test [TCT]). Women with
HR-HPV infection and/or abnormal cytology were referred for colposcopy, and the biopsy or
conization was performed according to the American Society for Colposcopy and Cervical
Pathology (ASCCP) guidelines.

Results: Overall, 18.20% (3,935/21,568) of the women were detected as HR-HPV-

positive, 5.04% (1,088/21,568) were diagnosed with cervical intraepithelial neoplasia 2 or
higher (CIN2+), and 3.43% (739/21,568) with CIN3+. The cumulative incidence rates for
CIN2+/CIN3+ in patients with HPV-16/18-positive were 48.28%/37.20%, while they were
0.86%/0.38%, 0.30%/0.15% and 0.18%/0.09% in cytology-negative, HR-HPV-negative

and co-test-negative population, respectively. Using CIN2+ and CIN3+ as the observed
endpoints, the sensitivity and negative predictive value (NPV) of HR-HPV genotyping as a
primary screening tool were 90.99%/99.49% and 91.57%/99.80%. Moreover, using HR-HPV
genotyping primary screening could detect the same more CIN2+/CIN3+ cases in baseline-
detection as co-testing (990/700 vs. 991/701) and far more than cytology primary screening
(903/656, p<0.05). It also achieved the lowest misdiagnosis rate (8.01%/5.02%). Although
HPV genotyping primary screening required an increased number of colposcopies (2.75/3.89
per CIN2+/CIN3+ case), it yielded an acceptable rate.

Conclusions: The PCR-RDB HPV genotyping test is a cost-effective and beneficial cervical
cancer primary screening for hospital-based opportunistic screening.
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INTRODUCTION

Cervical cancer is the second most common malignancy in women worldwide and a leading
cause of death in women, with 529,828 newly diagnosed cases and 275,128 deaths annually
[1]. More than 85% of these deaths occur in low- and middle-income countries [2]. As the
largest developing country, China has the highest number of cervical cancer patients, with
98,900 newly reported cases and 30,500 deaths in 2015 [3]. However, cervical cancer is a
preventable disease. Epidemiology studies have confirmed that persistent infection with
high-risk human papillomavirus (HR-HPV) was found in 99.7% of patients with invasive
cervical cancer [4,5]. Both HPV-16 and HPV-18 are carcinogenic genotypes responsible for
55%—60% and 10%-15% of cervical cancers, respectively [6].

Subjective interpretation of cytology is associated with a high degree of variability [7],

which depends on the quality of the laboratory, experience of the cytologist, adequacy of the
sample, and technique of fixation [8]. In contrast to the limitation of cytology, the sensitivity
of HR-HPYV testing is higher, and the negative predictive value (NPV) is better [9]. Therefore,
European guidelines recommend that HPV testing to diagnose women with atypical
squamous cells of undetermined significance (ASC-US) and surveillance after treatment of
cervical intraepithelial neoplasia (CIN) can serve as an independent primary screening test
without cytology for cervical screening [10]. In 2010, the European Research Organization
on Genital Infection and Neoplasia (EUROGIN) proposed the implementation of HR-HPV
testing in clinical settings [11]. In 2014, World Health Organization declared the HPV
genotype test, which can maintain high sensitivity while reducing complexities and waste of
unnecessary resources, as a primary screening strategy for cervical cancer [12]. In 2015, the
American Society for Colposcopy and Cervical Pathology (ASCCP) put forward the use of HR-
HPV testing for primary cervical cancer screening [13].

Four HPV tests, including hybrid capture 2 (HC2®), Cervista® HR-HPV, Cobas® 4800 System,
and Aptima® mRNA, have been approved by the Unite State Food and Drug Administration
(FDA) for cervical cancer screening. Among them, the Cobas® 4800 System is the only HPV
test that was approved for primary screening in 2014 [14]. In our previous study [15], the
YaNeng® polymerase chain reaction (PCR) and reverse dot blot (RDB) genotyping HPV assay
combined with Thinprep® cytology were evaluated for cervical cancer screening in a hospital-
based population, which provided a sensitive and reliable reference for clinical application.
This method includes 18 HR-HPV types (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -53, -50,
-58, -59, -66, -68, 73, -82, and -83) and 5 low-risk (LR)-HPV types (HPV-6, -11, -42, -43, and -81).
However, there is no adequate research on whether the PCR-RDB HPV test could be a suitable
HPV detection test for the primary screening of cervical cancer in clinical settings.

The organizational screening programs aimed at early detection of high-grade CIN have
steadily reduced cervical cancer mortality. Nonetheless, individual screening tests can suffer
from some shortcomings, particularly when applied indiscriminately to the general screening
population [16]. In contrast to most developed countries, the screening coverage in China

is relatively low, i.e., approximately 30% in recent years [17]. Because opportunistic cervical
cancer screening is commonly performed in China by the different health care provision
systems [18], more attention should be paid to the sensitivity and NPV of detection in

clinical practice. A large prospective 3-year clinical trial referred to as Addressing the Need
for Advanced HPV Diagnostics (ATHENA) used HPV screening as the first-line screening

test [19]. Our present study provides evidence on the clinical performance characteristics of
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different cervical cancer screening strategies with the PCR-RDB HPV test for the detection
of high grade squamous intraepithelial lesions (HSIL; CIN2, and worse disease, CIN2+)

in a Chinese hospital-based population that underwent opportunistic primary screening
of cervical cancer. Moreover, the feasibility of the PCR-RDB HPV assay as a first-line HPV
detection test for primary cervical cancer screening was also assessed.

MATERIALS AND METHODS

1. Study population

This HPV study was a nested case-control study in a hospital-based population in Fujian,
China. This population cohort was one of the Fujian Province Cervical Lesion Screening
Cohorts (FCLSCs) with more than 120,000 cases, which involved a community population
as well as a hospital-based population. To investigate whether PCR-RDB HPV could be used
for primary cervical cancer screening, 30,783 women received PCR-RDB HPV genotyping
assay and liquid-based ThinPrep® cytologic test (TCT) were included. The participants

were required to meet the following criteria: 1) age above 20 years; 2) sexually active; 3) no
history of cervical cancer, CIN, or HIV infection; and 4) did not undergo a cervix surgery or
hysterectomy. Two study arms were involved: one comprising healthy patients undergoing
routine physical examination and the other comprising patients visiting the outpatient
clinic for any gynecological conditions. A total of 6,799 women who did not meet the criteria
were excluded. In total, 23,984 women were enrolled into this study, and 2,416 were lost to
follow-up. The study flowchart is depicted in Fig. 1. Finally, 21,568 women with complete and
detailed clinical information about cytology, HPV, and pathology results for each visitation
were included in the evaluation. After the first-round screening, the patients with different
results received treatment or follow-up (ranged from 1 to 8 years, median time 5.2 years)
according to the ASCCP guidelines. The study was approved by the Ethics Committee of the
Affiliated Hospital of Fujian Medical University (No. 59 in 2015), and all individuals in this
study provided written informed consent.

2. Specimen collection and management

Exfoliated cervical cells were obtained from each participant using a cytobrush. The
specimens were obtained from the ecto- or endocervical cervical canals, and were collected
in 2-mL vials containing preservation solution for HPV DNA testing or in 20-mL vials of
ThinPrep® PreservCyt® solution (Hologic, Waltham, MA, USA) for cytology examination.
The samples for HPV genotype testing were stored at —20°C before DNA extraction, and the
samples for cytology were stored at 4°C.

3. PCR-RDB HPV genotype testing

The PCR-RDB HPV genotyping kit for 23 types (Yaneng® Limited Corporation, ShenZhen,
China) can detect 18 HR-HPV types including HPV-16, -18, -31, -33, -35, -39, -45, -51, -52,
-53, -56, -58, -59, -66, -68, 73, -82, and -83, and 5 LR-HPV types including HPV-6, -11, -42,
-43, and -81. All detection procedures were performed according to the manufacturer's
instruction provided by the kit [15]. This method is permitted by the China Food and Drug
Administration.

4. Liquid-based cytology

All liquid-based cytology specimens were independently diagnosed by two experienced
cytopathologists. If the diagnosis differed between the 2 cytopathologists, the sample was
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reviewed, and a consensus diagnosis was obtained. The cytology results were analyzed in
accordance with the 2001 Bethesda System [20]. Specimens were classified as: negative for
intraepithelial lesion or malignancy (NILM); ASC-US, low-grade squamous intraepithelial
lesion (LSIL); atypical squamous cells, not possible to exclude high-grade squamous
intraepithelial lesion (ASC-H); high-grade squamous intraepithelial lesion (HSIL); squamous
cervical cancer; atypical glandular cells (AGCs); and adenocarcinoma in situ (AIS).

’ Fujian province cervical lesion screening cohorts (FCLSCs) (n>120,000) ‘

v

’ Hospital-based population detected by PCR-RDB HPV assay (n=30,783) ‘

|

.

Arm 1: Healthy patients undergoing
routine physical examination

|

v

Arm 2: Patients visiting the outpatient
clinic for any gynecologic conditions

|

Excluded (n=6,799)

1. Not visiting for screening

2. History of CIN or cervical cancer
3. <20 years

Hospital-based populatio

n opportunistic screening
using PCR-RDB HPV assay cohort (n=23,984)

A

Excluded (n=2,416)

1. Missing TCT results (n=689)

2. Missing PCR-RDB HPV
assay results (n=1,006)

3. Missing follow-up (n=451)

A

Evaluable for comparing the different strategies of primary screening with
PCR-RDB HPV genotyping and cytology test results (n=21,568)

.

The charateristics of the population (n=21,568)

PCR-RDB HPV Cytology results: Histological results:
test results: NILM NILM (n=19,674)
HR-HPV (+) * (n=19,026/88.2%) CINT (n=805)
(n=3,935/18.2%) ASC-US CIN2 (n=350)
HR-HPV (-) * (n=1,142/5.3%) CIN3 (n=441)
(n=17,633/81.8%) LSIL or worse Cervical cancer
(n=1,400/6.5%) (n=298)

L

Compared three cervical cancer screening strategies

Fig. 1. Flowchart of inclusion and exclusion criteria of the study population.
ASC-US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HSIL, high-grade squamous
intraepithelial lesion; LEEP, loop electrosurgical excision procedure; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or
malignancy; PCR-RDB, polymerase chain reaction-reverse dot blot; TCT, thinprep cytologic test.

*HR-HPV (+): including HPV-16/-18 (+) (n=1,336) and HR-HPV non-16/18 (+) (n=2,599).
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5. Histology

Women who were HPV-positive and/or had an abnormal cytological result (with a grade
higher than ASC-US) were referred for colposcopy and punch biopsy. Women with a punch
biopsy diagnosis greater than HSIL received loop electrosurgical excision procedure cone
biopsy (LEEP) or conization by cold knife. Specimens were then fixed in 10% formalin, and
march paraffin embedding was performed. Subsequently, 4-um-thick histological sections
were cut and stained with hematoxylin and eosin. In accordance with atypical hyperplasia,
cells accounted for the range of squamous epithelium full-thickness and histologically
examined and classified according to the CIN system as follows [21]: normal, CIN1, CIN2,
CIN3, invasive squamous cell carcinoma, and adenocarcinoma.

6. Comparison of different screening strategies

The effectiveness of the three strategies using the PCR-RDB HPV assay to identify CIN2+/
CIN3+ in the same evaluated population for cervical cancer screening was compared. In Fig. 2
strategy I, which was co-testing, women were primarily screened (first line screening) by both
cytology and HPV testing, and those with cytology >LSIL (including AGC) or cytological ASC-
US and any HR-HPV (+) were selected for colposcopy. In addition, those who were cytological
normal (NILM) but HPV-16/-18 (+) were also directly referred for colposcopy. Strategy Il was
primary first cytology screening and triage with HR-HPV testing. Women with cytology >LSIL
only or ASC-US and triaged by reflex testing as HR-HPV (+) were referred for colposcopy.
Strategy III was primary first-line HPV genotyping, and women with HPV-16 and/or -18 (+)
were referred for colposcopy immediately, and non-HPV-16/-18 HR-positive women were
triaged with cytology by referring those with abnormal cytology (=ASC-US) for colposcopy.

In all three strategies, women were directly referred for colposcopy at the baseline round;
some of the participants were routinely followed-up for one year. This allowed calculation

of how the specific screening strategies would perform, as well as the utilization of clinical
resources for how many tests to include, number of colposcopies performed, and number

A Stratery |
””””””””” Vo First year re-call BREEAN Scquent follow-up [
| ‘ >CIN2+ (n=66) \ \ >CIN2+ (n=31) |
HR-HPV ()
/NILM  ————————p Routine follow-up (n=16,998) - ol |
(n=16,998) Vo K |
HR-HPV (-) Do Routine | 1| ;
/ASC-US —P‘ Repeat co-testingin1year ! | Firstyear follow-up —1 le(l)utine !
S 0o n=430 vl - n=1,843) !|! - ollow-up |
£ = ( ) . el ( ) |+ | Routine (n=20 488) ‘
© 7] HPV 1|17 detection 'Ly follow-u 2 !
> $ . . vl (n=~| 909) >CIN2+ v p |
o g non-16/18 (+) —P‘ Repeat co-testingin1year > (n=66) 'l (n=20,511) sCIN2+ | !
o © HR-HPV (+) (n=1,479) Lo i =31 |
; /NILM - Lo ik 1
r| (n=2,028) HPV Routine Vo ik 1
(n=21’568) ! 116/-18 (+) follow-up — = .
3 (n=549) Colposcopy (n=1,670) | & o w
' | HR-HPV (+) and biopsy Lo o |
9 />ASC-US >CIN2+ b o :
Ll (n=2,112) (n=991)

Fig. 2. Three cervical screening strategies to detect CIN2+/CIN3+. Effectiveness analysis of cervical screening strategies: primary screening algorithms. (A)
Strategy | was co-testing, cytology combined with HPV using as the primary detection. (B) Strategy Il was primary cytological detection with triaged by HPV
testing. (C) Strategy Ill was primary HR-HPV testing with HPV-16/-18 genotype. In different strategies, the cases with >CIN2+ detected in the baseline screening,
first year recall and the subsequent follow-up were listed in Fig. 2.

ASC-US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HR-HPV, high-risk human
papillomavirus; NILM, negative for intraepithelial lesion or malignancy. (continued to the next page)
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Fig. 2. (Continued) Three cervical screening strategies to detect CIN2+/CIN3+. Effectiveness analysis of cervical screening strategies: primary screening
algorithms. (A) Strategy | was co-testing, cytology combined with HPV using as the primary detection. (B) Strategy Il was primary cytological detection with
triaged by HPV testing. (C) Strategy Il was primary HR-HPV testing with HPV-16/-18 genotype. In different strategies, the cases with >CIN2+ detected in the
baseline screening, first year recall and the subsequent follow-up were listed in Fig. 2.

ASC-US, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; HR-HPV, high-risk human
papillomavirus; NILM, negative for intraepithelial lesion or malignancy.

of colposcopies required to detect one CIN2+ case and one CIN3+ case. After analyzing the
performance of the different screening strategies incorporating HPV testing alone and in
combination with cytology, we decided to perform a post hoc analysis of the performance of
these strategies.
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7. Statistical analysis

Statistical analysis was performed using SPSS 17.0 (IBM, Chicago, IL, USA) for Windows.
The performance characteristics of the PCR-RDB HPV test were evaluated by calculating

the sensitivity, specificity, positive predictive value (PPV), and NPV for identification of
CIN2, CIN3, and invasive cervical cancer, which were determined using standard statistical
tests. The 95% confidence intervals (95% CIs) were calculated using exact binomial Cls.
Colposcopies to detect 1 case; cases in which colposcopy was performed/cases identified by
endpoint. For all analyses, p-values were 2-sided, and statistical significance was accepted if
the p<0.05.

RESULTS

1. Clinical characteristics of the studied population

In this study, a total of 30,783 women received PCR-RDB HPV genotyping assay and finally
21,568 cases fulfilled the criteria. In this evaluated population, the average age was 39.9+10.1
years old (ranging from 21 to 78 years). The total percentage of patients positive for HR-HPV
at baseline was 18.20% (3,935/21,568), with a baseline value of 11.80% (2,542/21,568) having
abnormal cytology results. Furthermore, 44.93% (1,142/2,542) of patients with ASCUS,
3.34% (85/2,542) with ASC-H, 23.68% (602/2,542) with LSIL, 20.14% (512/2,542) with HSIL,
and 7.91% (201/2,542) with AGC were observed at the baseline screening. Of the 21,568 cases,
5.04% (1,088/21,568) of the women were diagnosed with CIN2+ and 3.43% (739/21,568) with
CIN3+ during the whole screening and follow-up period. Among them, 59.28% (645/1,088)
and 67.25% (497/739) of the women were HPV-16/-18-positive while 35.85% (390/1,088) and
29.09% (215/739) of them were non-HPV-16/-18 HR-HPV positive with a diagnosis of CIN2+
and CIN3+, respectively.

2. Cumulative incidence rate for CIN2+/CIN3+

Table 1 presents the cumulative incidence rate (CIR) for all the different combinations of
screening test results. For the co-test screening strategy (I), the highest CIR was detected in
the HR-HPV-positive and/or TCT =ASC-US group, being 23.13% (95% CI=21.91%-24.35%)

Table 1. CIR of consensus pathology CIN2+ and CIN3+ stratified by different combinations of cervical cytology and HPV results

Strategy Results of screening No. (% of 21,568) CIR (95% CI)
CIN2+ CIN3+
Co-testing Co-testing (negative) 16,998 (78.81) 0.18 (0.12-0.25) 0.09 (0.04-0.13)
HR-HPV (+) &/or TCT >ASC-US 4,570 (21.19) 923.13 (21.91-24.35) 15.84 (14.78-16.90)
TCT >(ASC-US)T & HR-HPV (-) 636 (2.95) 3.62 (2.17-5.07) 2.04 (0.94-3.14)
TCT (NILM) & HR-HPV (+) 2,028 (9.40) 6.56 (5.48-7.64) 2.82 (2.09-3.53)
TCT (NILM) & HPV-16/-18 (+) 549 (2.55) 16.03 (12.96-19.10) 8.20 (5.90-10.49)
TCT (NILM) & HR-HPV non-16/18 (+) 1,479 (6.86) 3.04 (2.17-3.92) 0.81(0.35-1.27)
Cytology TCT(NILM) 19,026 (88.20) 0.86 (0.73-0.99) 0.38 (0.29-0.47)
TCT >ASC-US 2,542 (11.78) 36.35 (34.48-38.22) 26.24 (24.53-27.95)
TCT (ASC-US) 1,142 (5.29) 16.55 (14.39-18.71) 9.89 (8.16-11.63)
TCT >LSIL 1,400 (6.49) 59.50 (49.88-55.12) 39.57 (37.01-47.13)
HR-HPV HR-HPV (-) 17,633 (81.80) 0.30 (0.22-0.38) 0.15 (0.10-0.21)
HR-HPV (+) 3,935 (18.20) 926.30 (24.93-27.68) 18.09 (16.89-19.30)

HPV-16/-18 (+)*
HR-HPV non-16/18 (+)

1,336 (6.19)
9,599 (12.05)

48.98 (45.60-50.96)
15.01 (13.63-16.38)

37.20 (34.61-39.79)
8.97 (7.21-9.33)

ASC-H, atypical squamous cells, not possible to exclude high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undetermined
significance; CIN, cervical intraepithelial neoplasia; Cl, confidence interval; CIR, cumulative incidence rates; HR-HPV, high-risk human papillomavirus; NILM,
negative for intraepithelial lesion or malignancy; TCT, thinprep cytologic test.

*Compared to the patients with non-HPV-16/-18 infection, the patients with HPV-16/-18 infection have a significantly increased risk for cancer; fincluding ASC-H.
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for CIN2+ cases and 15.84% (95% CI=14.78%-16.90%) for CIN3+ cases, and the lowest CIR
in strategy I was detected in the co-test-negative group, being 0.18% (95% CI=0.12%—0.25%)
for CIN2+ cases and 0.09% (95% CI=0.04%—0.13%) for CIN3+ cases. For the cytology
primary screening strategy (II), the highest CIR was detected in the TCT >LSIL group, being
52.50% (95% CI=49.88%-55.12%) for CIN2+ cases and 39.57% (95% CI=37.01%-47.13%) for
CIN3+ cases, And the lowest CIR in strategy Il was detected in the cytology-negative group,
being 0.86% (95% CI=0.73%-0.99%) for CIN2+ cases and 0.38% (95% CI=0.29%—0.47%) for
CIN3+ cases. In the HR-HPV primary screening strategy (III), the highest CIR was detected
in the HPV-16/-18 (+) group, being 48.28% (95% CI=45.60%-50.96%) for CIN2+ cases and
37.20% (95% CI=34.61%—-39.79%) for CIN3+ cases. Further, the lowest CIR in strategy III was
detected in the HR-HPV-negative group, being 0.30% (95% CI=0.22%-0.38%) for CIN2+
cases and 0.15% (95% CI=0.10%—0.21%) for CIN3+ cases.

PCR-RDB HPYV test in cervical cancer primary screening

In each screening strategy, the lowest CIR was detected in the participant with negative-result
of primary detection. In addition, the CIR for CIN2+ was lower in HR-HPV-positive women
(26.30%j3 95% CI1=24.93%—27.68%) than in women with cytology determined >ASC-US
(36.35%j 95% CI=34.48%-38.22%), with a CIR ratio of 0.7235 (95% CI=0.6586—0.7890).
When abnormal cytology results were added to positive HR-HPV results, the CIR for CIN2+
(23.13%; 95% CI=21.91%-24.35%) was lower than that in HR-HPV-positive women (26.30%;
95% CI=24.93%-27.68%) or women with cytology determined >ASC-US (36.35%; 95%
CI=34.48%—38.22%) alone. Patients with cytology diagnosed as >LSIS or with HPV-16/-18 (+),
have the highest CIR to develop into cervical cancer. Compared to the patients with non-
HPV-16/18 infection, the patients with HPV-16/-18 infection have a significant increasing risk
for cancer (Table 1). Similar results were obtained when CIN3+ was used as the endpoint.

3. Comparison of different screening strategies for CIN2+/CIN3+

In total, 185 0f'1,088 (17.00%) cases of CIN2+ were identified in women with baseline
cytology-negative during the study. In contrast, only 98 0f 1,088 (9.01%) cases were identified
CIN2+ in women who were HR-HPV-negative, which is very similar to the results of co-test
negative 8.92% (97/1,088). By using the same HR-HPV assay and cytology detection, three
current screening strategies and the detail process were compared (as shown in Fig. 2 and
Table 2). Cases in which CIN2+ or CIN 3+ detected in the baseline screening, first-year recall
and the subsequent follow-up were calculated respectively. As presented in Table 2 and

Fig. 3, for strategy I, the co-test as primary screening, could detect 991 cases with CIN2+

at the baseline, 66 cases in the first-year recall, and 31 cases in the subsequent follow-up.

For strategy 11, the cytology as primary screening, it detected 903 cases with CIN2+ at the
baseline, 21 cases in the first-year recall, and 164 cases in the subsequent follow-up. While the

Table 2. The number of cervical screening examinations and colposcopies required for detecting CIN2+/CIN3+

Strategy No. of total detected No. of detected cases in 1yr More than No. of No. of colposcopies to
cases Total  Baseline round Follow-up 1-yr round ~ second round clposcopies detect 1 case (No.”)
CIN2+
Strategy | 1,088 1,057 901t 66 31 2,661" 2.69
Strategy Il 1,088 924 903 21 164 2,112 2.34
Strategy Il 1,088 1,035 990" 45 53 9,795™* 2.75
CIN3+
Strategy | 739 724 701" 23 15 2,661" 3.80
Strategy Il 739 667 656 il 72 2,112 3.22
Strategy Il 739 712 700" 12 27 92,7951+ 3.89

CIN2+, cervical intraepithelial neoplasia grade 2 or worse; CIN3+, cervical intraepithelial neoplasia grade 3 or worse.
*Colposcopies performed/case identified; TStrategy | and strategy |1l were significantly higher than strategy Il (p<0.05). *Strategy | was similar to strategy Il (p>0.05).
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Fig. 3. The examinations consumed by the three cervical screening strategies to detect CIN2+/CIN3+. (A) The cases of CIN2+ detected by three current cervical
screening strategies were determined in baseline screening, first year re-call, and subsequent follow-up. (B) The cases of CIN3+ detected by three current
cervical screening strategies were calculated in baseline screening, first year re-call, and subsequent follow-up. (C) For baseline screening, according to

the different cervical screening strategies, the number of cytologic assays, HPV assays, and colposcopies that should be performed as well as analysis of
CIN2+ cases that could be detected. (D) The three cervical screening strategies used for CIN3+ detection, with application of cytology assay, HPV assay, and

colposcopy shown.

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; TCT, thinprep cytologic test.
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HR-HPV as primary screening (strategy III) could detected almost the same more cases (990
vs 991) CIN2+ at the baseline screening and it detected 45 cases in the first-year recall and 53
cases in the subsequent follow-up round (Fig. 3A and B). And the number of cases detected
at baseline round in strategies I and III significantly higher than strategy II (p<0.05). What
about the number of colposcopies to detect 1 case, strategy II required the lowest number

of colposcopies to detect per case, with 2.34 (2,112/903) for CIN2+ and 3.22 (2,112/656) for
CIN3+. And primary HPV-16/-18 test required the highest number of colposcopies to detect
per case of CIN2+ compared with the other two strategies, but still yielded an acceptable rate.
When the baseline detection was using as the observed point, strategy I and strategy III could
detected almost the same more CIN2+ and CIN3+ cases, although the strategy III required

an increased number of colposcopies (2.75/3.89 per CIN2+/CIN3+ case) than strategy I
(2.69/3.80 per CIN2+/CIN3+ case), but there was no significant difference (p>0.05). However,
the strategy I cost far more cytology tests than the strategy III (p<0.001). On the other side,
both of the strategies I and III work more effective than strategy II, which could detect more
CIN2+ and CIN3+ cases at the baseline screening and first-year recall (Fig. 3C and D).

4. Evaluation of the three cervical screening strategies

As shown in Table 3, the sensitivity and NPV of strategy I (co-testing) were 91.08% and 99.49%
for CIN2+ and 91.59% and 99.80% for CIN3+, respectively. The specificity and PPV were
91.85% and 37.24% for CIN2+ and 94.86% and 26.34% for CIN3+, respectively. Misdiagnosis
accounted for 8.92% of the CIN2+ cases and 5.14% of the CIN3+ cases. The sensitivity and
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Table 3. Compare the clinical performance characteristics of different screening strategies in the cervical high-grade lesions

Strategy

Strategy |

Strategy Il

Strategy IlI

CIN2+
Sensitivity
Specificity
PPV
NPV
Misdiagnosis
CIN3+
Sensitivity
Specificity
PPV
NPV
Misdiagnosis

91.08 (89.39-92.78)
91.85 (91.47-92.29)
37.94 (35.40-39.08)
99.49 (99.39-99.59)
8.92 (7.92-10.61)

91.59 (90.19-90.99)
94.86 (93.27-96.45)
26.34 (24.67-28.02)
99.80 (99.74-99.86)
5.14 (3.55-6.73)

83.00 (80.76-85.23)
94.10 (93.77-94.42)
42.76 (40.65-44.87)
99.05 (98.91-99.19)
17.00 (14.77-19.24)

88.77 (86.49-91.05)
93.01(92.67-93.36)
31.06 (29.09-33.03)
99.57 (99.48-99.66)
11.93 (8.95-13.51)

90.99 (89.29-92.69)
91.53 (89.29-92.69)
40.31(38.37-42.25)

99.49 (99.39-99.59)

8.01 (7.01-10.71)

91.57 (91.19-91.95)
94.72 (93.11-96.33)
98.50 (26.72-30.29)
99.80 (99.73-99.86)

5.02 (3.67-6.89)

Data were presented as number of patients/total patients (%, 95% Cl).
Cl, confidence interval; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; CIN3+, cervical intraepithelial neoplasia grade 3 or worse; NPV, negative

predictive value; PPV, positive predictive value.

https://ejgo.org

NPV of strategy II (cytology with triage by HPV test) were the lowest, being 83.00%/99.05%
and 88.77%/99.57% for CIN2+ and CIN3+, respectively. But it has the highest specificity and
PPV, with 94.10%/42.76% and 93.01%/31.06% for CIN2+/CIN3+, respectively, compared with
strategy [ and strategy III. Moreover, the proportions of misdiagnosed rate were 17.00% and
11.23% for CIN2+ and CIN3+, respectively, which were significantly higher than those of the
others. The sensitivity and NPV of strategy III (HPV testing with type-16/18 genotyping) were
similar to those of strategy I, which were 90.99%/99.49% and 91.57%/99.80% for CIN2+ and
CIN3+, respectively, and the specificity and PPV were 91.53%/40.31% and 94.72%/28.50% for
CIN2+ and CIN3+, respectively. Furthermore, the proportions of misdiagnosed rate were the
lowest, which were 8.01% and 5.02% for CIN2+ and CIN3+, respectively.

The performance of the 3 screening strategies was evaluated in HPV-positive women at
baseline. The threshold analyses showed that strategies I and III had similar sensitivity for
detecting CIN2+ and CIN3+, but only slightly higher than strategy III. Of note, strategy III
required more colposcopy examinations to detect each case of CIN2+ and CIN3+ than strategy I.

DISCUSSION

Screening coverage plays an important role in the disease control. As pointed out by
Goodman [22], screening performed within 3-36 months at the time of data collection was
associated with a significantly reduced risk of death from cervical cancer, with an odds ratio
0f 0.28-0.60. However, in China, cervical cancer screening coverage is only 29.1% in the
urban areas and 16.39% in the rural areas [17]. Even in the relatively developed eastern cities
of China, the coverage only reached 31.3% [17], which was still much lower than that in other
developed countries such as the United Kingdom and the United States. They have made
substantial investments to provide a wide screening coverage [17,23,24]. Therefore, China
needs to make further efforts to increase the screening coverage. In recent years, the Chinese
government has launched a series of projects to provide free cervical cancer screening in the
low-middle income population. On the other hand, most Chinese women were prefer going
to the hospital or medical center for health examination, but not visiting a family doctor, for
the medical health system different from Western countries. The opportunistic screening
plays a major role in the prevention of cervical cancer. Thus, continual efforts should be
geared towards finding more suitable screening methods that fit the conditions in China.
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In general, cytologic screening based on the Pap smear or liquid thin-preparation test was the
first effective screening test to reduce the incidence and mortality of cervical cancer. However,
the sensitivity of this test in detecting high grade lesions ranges from 55% to 94%, which
depends on the quality control of the laboratory and the experiences of the technologists and
cytologists [25,26]. Limited by the shortage of cytologists and quality control, there is a big
problem in the cervical cancer screening by using cytology screening alone in the mainland of
China [27]. On the other hand, co-test screening with cytology and HPV test is still expensive
for both the government and the individual. Recently, several studies have proposed that using
the HR-HPV assay for primary screening can be an alternative strategy to prevent cervical
cancer [10-13]. The ATHENA study evaluated the Cobas® HPV test as the primary screening
test for cervical cancer and presented a reliable result. Using HR-HPV detection as a primary
screening test may provide a safer and more effective alternative. Until now, only Cobas® has
been approved by FDA as an HPV test for the primary screening of cervical cancer. In another
previous cohort study, we confirmed that other assays such as Cervista® HR-HPV detection
could be used as primary screening tests for cervical cancer [28]. Our previous articles have
shown that the PCR-RDB HPV genotyping test can provide a reliable and sensitive clinical
reference for HPV detection [15,29]. Long-term observational studies showed that HPV-16

and HPV-18 were associated with an elevated risk of high-grade cervical lesions [30,31]. The
ARTISTIC study suggested that in unscreened populations, HPV testing provided a higher yield
for abnormal cervical findings [32,33]. Hence, based on the same hospital-based population
who received opportunistic screening for cervical cancer, three main current strategies detected
by using the same HR-HPV assay and cytology detection were evaluated according to the base-
line results, first-year-recall results and the follow-up results. Furthermore, the PCR-RDB HPV
genotyping test was also evaluated as a potential HPV assay in the primary screening of cervical
cancer. To our knowledge, this is the first and largest-scale hospital-based population study
investigating the application of PCR-RDB HPV genotyping in the primary screening of cervical
cancer among Chinese women. In the present study, the proportions of CIN2+ and CIN3+ cases
were 5.04% (1,088/21,568) and 3.43% (739/21,568), respectively. The sensitivity of the HR-HPV
test for diagnosing CIN2+ exceeded 80%, which was more preferable than that of cytology. The
CIR of CIN2+/CIN3+ in HPV-16/-18-positive women was higher than that in non-HPV-16/-18 HR-
HPV-positive women and/or women with abnormal cytology.

In 2015, the 30th International Papillomavirus Society (IPVS) stated that strategies for HPV
detection need to balance clinical sensitivity and specificity and maximize the protection

of low-risk populations and discrimination of high-risk groups. Comparing strategies I

and III, the HPV testing as primary screening can balance screening benefits and harm by
maximizing sensitivity (90.99% and 91.57% for CIN2+ and CIN3+, respectively) and NPV
(99.49% and 99.80%) and by increasing CIN2+ and CIN3+ detected at the baseline detection
because more HPV-16/-18-positive patients may be referred for immediate colposcopy with
primary PCR-RDB HPV genotyping. The results of the current analyses also showed that
HPV primary screening of strategy III, compared to cytology primary screening in strategy II,
provided a higher sensitivity for CIN2+ and a decrease in misdiagnosis. Recently, prospective
randomized screening trials in Europe showed that co-testing required more screening tests
and offered minimal protection against the subsequent development of cervical diseases
compared with HPV primary screening. Moreover, the interpretation of screening results was
more complicated, as all women had two test results that had to be considered [17,34,35].
Several cross-sectional and prospective screening trials also documented that HPV screening
had superior sensitivity for the detection of cervical histology lesions than screening by TCT
test [36]. The ATHENA HPV study was specifically initiated to confirm the performance of the
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Cobas® HPV test, which could simultaneously detect HPV-16/-18 and 12 HR-HPV genotypes in
women in the US and showed the highest sensitivity over 3 years for the detection of CIN2+
and CIN3+ (69.1% and 76.1%, respectively) [19]. Our study indicated that strategy III using
PCR-RDB HPV detection provided a 19.28% increase in sensitivity for CIN2+ and a 14.87%
increase for CIN3+ compared to the ATHENA trial.

Although strategy III reduced the number of women undergoing colposcopy as opposed to
performing colposcopy in all HPV-positive women, it still resulted in a significant increasing in
the number of colposcopies compared to cytology primary screening (p<0.05). Very interesting,
the increasing compared to the co-testing did not show any significant (p>0.05). A potential
harm of over-screening involves the detection of transient HPV infections, which can result

in patient anxiety and unnecessary colposcopies [37,38]. When ATHENA is implemented, the
value of HPV testing would be outweighed by harm of excess colposcopies, unless some form
of triage is used to reduce the number of women with clinically unimportant HPV infections
referred for colposcopy [19,34]. Since the HPV primary screening could detected almost the
same more CIN2+ and CIN3+ cases as the co-test screening at the baseline round (990 vs. 991,
99.90%) and first-year recall (1,035 vs. 1,057, 97.92%), the HR-HPV primary showed more
advantage on the co-effective of screening. Co-testing requires more screening tests than HPV
primary screening and interpretation of screening results is also somewhat more complicated.
According to our study, in strategy I, all women (n=20,568) were required to undergo both
cytology and HPV testing, but in strategy III, all women required HPV testing and only 2,599
women required cytology testing. Strategy III could be a suitable option for cervical cancer
screening in Chinese women based on the hospital-based opportunistic screening. What is
more, the price of different HPV test methods is different. When considering the cost-effect of
the PCR-RDB HPV genotyping test. In mainland China, the price of Cervista® HR-HPV assay
currently on the market is about 40-50 US$ per test, Cobas® is about 50-60 US$ per test, and
PCR-RDB HPV genotyping is just about 3035 US$ per test. In general, the PCR-RDB HPV
genotyping test is a cost-effective HR-HPV assay for the cervical cancer screening program.

In summary, our study was a large hospital-based opportunistic screening research in China,
and the results confirm that the HR-HPV test is an attractive option for primary cervical cancer
screening in Chinese women, especially in the opportunistic populations. We compared

the performance of three screening triage strategies supported by current guidelines and
concluded that the PCR-RDB HPV genotyping test as a primary screening method had far
higher sensitivity and NPV and the lowest misdiagnosis rate in detecting CIN2+/CIN3+ when
compared to approaches based on either co-testing or cytology. The increase in sensitivity was
associated with a significant increase in the number of colposcopies.
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